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TO: HONORABLE ASSISTANT COMMISSIONER FOR PATENTS 
Box: NEW PATENT APPLICATION, Washington, D.C 20231 

Sir: 

With reference to the filing in the United States Patent and Trademark Office of an application for patent in the 
name of: 

AUDONNET Jean-Christophe Francis and MINKE Jules Maarten 



entitled: 



ADJUVANT-CONTAINING DNA VACCINES 



This is an application of a small entity under 37 CFR 1 .9(f). 

Small Entity Verified Statement is enclosed (unsigned) 

The following are enclosed: 

X Specification ( 28 pages, plus 1 page of abstract on page 32.) 
X_ Sheet(s) of Drawings (6 PAGES) (FIGS. 1 to 6) 
X. 14 Claims (pp. 29-31) 

X Oath or Declaration and Power of Attorney (1 page) 

X Information Disclosure Statement and FORM PTO- 1449 (in duplicate). 

X_ Paper form and computer readable form of Sequence Listings. 

X Statement to support filing and submission of sequence listing in accordance with 37 C.F.R. §§ 1 .821-1 .825 
X_ Filing fee in the amount of $690.00 . 

Kindly accord the application an October 2, 2000 filing date. 

Respectfully submitted, 
FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicants 




Thomas J. KoWafcKi 
Reg. No. 32,147 
Phone (212)588-0800 
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Mailing Label Number: EL 375 195 81 1 US 

Date of Deposit: 
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I hereby certify that this paper or fee is being deposited with the 
United States Postal Service "Express Mail Post Office to 
Addressee" Service under 37 CFR 1.10 on the date indicated 
above and is addressed to: Assistant Qoniifciissioner for Patents, 
Washington, D.C. 2023 It 
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PATENT 
454313-3160 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants : AUDONNET Jean-Christophe Francis and MINKE Jules Maarten 

Serial No. : Not Yet Known 

Filing Date : Herewith 

For : ADJUVANT-CONTAINING DNA VACCINES 

Examiner : Not Yet Known 

Art Unit : Not Yet Known 

745 Fifth Avenue 

New York, New York 10151 

EXPRESS MAIL 

Mailing Label Number: EL 375 195 8 1 1 US 

Date of Deposit: October 2, 2000 

I hereby certify that this paper or fee is being deposited with the 
United States Postal Service "Express Mail Post Office to 
Addressee" Service under 37 CFR 1.10 on the date indicated 
above and is addressed to: Assistant Commissioner for Patents, 




PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Kindly amend the application, without any prejudice, without any admission, without any 
surrender of subject matter, and without any intention of creating any estoppel as to equivalents 
as follows: 

IN THE SPECIFICATION 

On page 1, before line 1, please insert 
- TITLE OF THE INVENTION 
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PATENT 
454313-3160 

ADJUVANT-CONTAINING VACCINES 

CROSS-REFERENCE TO RELATED APPLICATIONS/INCORPORATION BY 

REFERENCE 

This application is a continuation-in-part of PCT/FR99/00666, filed on March 22, 1999 
which claims the priority benefits of French Patent Application No. 98/04409, filed on April 3, 
1998. Each of these applications, as well as each document or reference cited in each of these 
applications (including during the prosecution; "application cited documents"), and each foreign 
application or patent corresponding to and/or claiming priority from any of these applications, 
and each of the documents cited or referenced in each of the application cited documents, are 
hereby expressly incorporated herein by reference in their entirety. More generally, documents 
or references are cited in this text; and, each of these documents or references ("herein-cited 
documents or references"), as well as each document or reference cited in each of the herein- 
cited documents or references (including any manufacturer's specifications, instructions, etc.), is 
hereby expressly incorporated herein by reference. 
FIELD OF THE INVENTION --. 

Page 1, line 9, please insert 
-- BACKGROUND - 

Page 1 , line 3 1 , please insert 
-- SUMMARY OF THE INVENTION - 

Page 2, line 8, please insert 
- DETAILED DESCRIPTION - 

Page 12, line 1, please replace "list of figures," with -- BRIEF DESCRIPTION OF 
THE DRAWINGS -- 

REMARKS 

This Preliminary Amendment merely adds a lineage, and headings, to place the 
application in better condition for examination. 
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No fee is deemed necessary in connection with the filing of this Preliminary Amendment. 
However, if any fee is required for the consideration of this Preliminary Amendment, the 
Assistant Commissioner is authorized to charge such fee or credit any overpayment to Deposit 
Account 50-0320. 



By: 



Respectfully submitted, 
FROMMER LAWRENCE , 




Thomas J. Kowalski 
Reg. No. 32,147 
Phone (212) 588-0800 
Fax (212) 588-0500 
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-The present invention relates to an improvement 
to DNA vaccines, also called plasmid or polynucleotide 
vaccines, comprising and expressing in vivo one or more 
heterologous genes. It relates in particular to such 
5 improved vaccines, to the use of particular adjuvant 
compounds for using such vaccines as well as to the 
vaccination methods relating thereto. Its subject is 
also a method of preparing these vaccines. 

Patent applications WO-A-90 11092, WO-A-93 

10 19183, WO-A-94 21797, WO-A-95 11307 and WO-A-95 20660 
have made use of the recently developed technique of 
polynucleotide vaccines. It is known that these 
vaccines use a plasmid capable of expressing, in the 
cells of the host, a gene inserted into the plasmid and 

15 encoding an immunogen. All routes of administration 
have been proposed (intraperitoneal, intravenous, 
intramuscular , transcutaneous , intradermal , mucosal , 
and the like) . Various means of vaccination may also be 
used, such as DNA deposited at the surface of gold 

2 0 particles and discharged so as to penetrate into the 

cells of the skin of the animal (Tang et al . , Nature 
356, 152-154, 1992) and liquid jet injectors make it 
possible to transfect into the skin, muscle, fatty 
tissues and mammary tissues (Furth et al . , Analytical 
25 Biochemistry, 205, 365-368, 1992). 

These polynucleotide vaccines may be used in 
the form of naked DNA or in the form of a complex with 
liposomes or cat ionic lipids. 

The objective of the invention is to enhance 

3 0 the efficacy of DNA vaccines by providing new vaccine 

formulations which are simple and easy to prepare. 

Its ob: active is also to provide such a 
solution which dues not cause strong interactions 
between the DNA and the other ingredient, which are 
35 capable of leading to the formation of a complex. 

Its objective is also to provide such a 
solution which makes it possible, either by simple 
mixing, to prepare stable vaccines, formulated in a 
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liquid JEorm, or to easily prepare a liquid vaccine by 

mixing immediately before use. 

The applicant has found, surprisingly, that the 

carbomer class of compounds meet these various 
5 objectives and in particular are capable of acting as 

adjuvants for naked DNA vaccines in a simple manner but 

in very advantageous proportions . 

The subject of the present invention is 

therefore a DNA vaccine comprising a naked DNA, in 
10 particular circular vaccinal plasmid, supercoiled or 

otherwise, or a linear DNA molecule, incorporating and 

expressing in vivo a nucleotide sequence encoding an 

antigenic polypeptide, preferably a gene of a 

pathogenic agent, and at least one adjuvant compound 
15 chosen from the polymers of acrylic or methacrylic acid 

and the copolymers of maleic anhydride and alkenyl 

derivative . 

Naked DNA is understood to mean, as is nowadays 
commonly accepted, a DNA transcription unit in the form 
2 0 of a polynucleotide sequence comprising at least one 
nucleotide sequence encoding an antigenic polypeptide 
or an antigen of one valency and the elements necessary 
for its expression in vivo. The circular plasmid form, 
supercoiled or otherwise, is preferred. Valency in the 

2 5 present invention is understood to mean at least one 

antigen providing protection against a pathogen, it 
being possible for -the valency to contain, as sub- 
valency, one or more natural or modified genes, of one 
or more strains of the pathogen considered. 

3 0 The preferred adjuvant compounds are the 

polymers of acrylic or methacrylic acid which are 
cross-linked, especially with polyalkenyl ethers of 
sugars or polyalcohols . These compounds are known by 
the term carbomer (Pharmeuropa Vol. 8, No. 2, June 
35 1996) . Persons skilled in the art can also refer to 
US-A-2 909 462 (incorporated herein by reference) which 
describes such acrylic polymers cross-linked with a 
poiyhydroxylated compound having at least 3 hydroxyl 
groups, preferably not more than 8, the hydrogen atoms 
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of at _ least three hydroxyls being replaced by 
unsaturated aliphatic radicals having at least 2 carbon 
atoms . The preferred radicals are those containing from 
2 to 4 carbon atoms, e.g. vinyls, allyls and other 
5 ethylenically unsaturated groups. The unsaturated 
radicals may themselves contain other substituents , 
such as methyl. The products sold under the name 
Carbopol® (BF Goodrich, Ohio, USA) are particularly 
appropriate. They are cross-linked with an allyl 

10 sucrose or with allyl pentaerythritol . Among them, 
there may be mentioned Carbopol® 974P, 934P and 971P. 

Among the copolymers of maleic anhydride and 
alkenyl derivative, the copolymers EMA® (Monsanto) 
which are copolymers of maleic anhydride and ethylene, 

15 linear or cross-linked, for example cross-linked with 
divinyl ether, are preferred. Reference may be made to 
J. Fields et al . , Nature, 186: 778-780, 4 June 1960, 
incorporated herein by reference. 

From the point of view of their structure, the 

20 polymers of acrylic or methacrylic acid and the 
copolymers EMA® are preferably formed of basic units of 
the following formula: 

— (CH 2 ) X C-(CH 2 ) y 

COOH COOH 

25 in which: 

- Ri and R 2/ which are identical or different, represent 
H or CH 3 

- x = 0 or 1, preferably x = 1 

- y = 1 or 2, with x + y = 2 

30 For the copolymers EMA®, x = 0 and y = 2. For 

the carbomers, x = y = 1. 

The dissolution of these polymers in water 
leads to an acid solution which will be neutralized, 
preferably to physiological pH, in order to give the 

35 adjuvant solution into which the vaccine itself will be 



incorporated. The carboxyl groups of the polymer are 
then partly in COO" form. 

Preferably, a solution of adjuvant according to 
the invention, especially of carbomer, is prepared in 
distilled water, preferably in the presence of sodium 
chloride, the solution obtained being at acidic pH* 
This stock solution is diluted by adding it to the 
desired quantity (for obtaining the desired final 
concentration) , or a substantial part thereof, of water 
charged with NaCI, preferably physiological saline 
(NaCl 9 g/1) all at once or in several portions with 
concomitant or subsequent neutralization (pH 7.3 to 
7.4), preferably with NaOH. This solution at 
physiological pH will be used as it is for mixing with 
the vaccine, which may be especially stored in freeze- 
dried, liquid or frozen form. 

The polymer concentration in the final vaccine 
composition will be 0.01% to 2% w/v, more particularly 
0.06 to 1% w/v, preferably 0.1 to 0.6% w/v. 

For the vaccination of pigs, the invention may 
apply in particular to vaccination against Aujeszky's 
disease virus (PRV or pseudorabies virus), porcine 
influenza virus (SIV), porcine reproductive and 
respiratory syndrome virus (PRRS virus), porcine 
parvovirosis virus (PPV virus), hog cholera virus (HCV 
virus) and * bacterium responsible for actinobacillosis 
(A. pleuropneumoniae)- . The plasmids which can be used 
in the invention comprise, for each valency, one or 
more of the genes encoding major immunogens of the 
pathogenic agents considered. There may be mentioned in 
particular the gB and gD genes for the Aujeszky's 
disease virus, the HA, NP and N genes for the porcine 
influenza virus, the ORF5 (E) , ORF3 and ORF6 (M) genes 
for the PRRS virus, VP2 for the parvovirosis virus, E2 , 
El + E2, El + E2 + C for the hog cholera virus and 
apxl, apxll and apxIII for A. pleuropneumoniae. In a 
particularly advantageous manner, reference may be made 
to the polynucleotide vaccine formulas described in 
patent application WO-A-98 03 658 (FR-A-2 , 751 , 224 ) 



- 5 - 

which Is incorporated herein by reference and relates 
to vaccines against pig reproductive and respiratory- 
pathologies. This application describes in particular a 
number of plasmids which may be directly used by way of 
5 examples in the context of the present invention in 
combination with an adjuvant according to the 
invention. Persons skilled in the art will thus be able 
to combine, with the adjuvants in accordance with the 
invention, the plasmids specifically described in this 

10 previous application, namely pAB09 0 comprising the gB 
gene of the PRV virus, pPB098 comprising the gD gene of 
the PRV virus, pPB143 comprising the HA gene of porcine 
influenza, strain H1N1, pPBl42 comprising the NP gene 
of porcine influenza, strain H1N1, pPB144 comprising 

15 the HA gene of porcine influenza, strain H3N2, pPB132 
comprising the NP gene of porcine influenza, strain 
H3N2, pAB02 5 comprising 0RF5 of the PRRS virus, strain 
Lelystad, pABOOl comprising ORF5 of the PRRS virus, 
strain USA, pAB091 comprising 0RF3 of the PRRS virus, 

2 0 strain Lelystad, pAB092 comprising ORF3 of the PRRS 
virus, strain USA, pAB0 04 comprising the VP2 gene of 
the porcine parvovirus, pAB0 69 comprising the El gene 
of the hog cholera virus (HCV) , pAB061 comprising the 
E2 gene of the hog cholera virus (HCV) , pAB162 

2 5 comprising the deleted apxl gene of 

A. pleuropneumoniae, pPBl63 comprising the deleted 
apxll gene of A. pleuropneumoniae, pPB174', pPB189 and 
pPB190 comprising the deleted apxl II gene of 
A . pleuropneumoniae . 

3 0 For the vaccination of horses, there may be 

mentioned in particular vaccination against equine 
rhinopneumonia virus (EHV) , especially type 1 (EHV-1) 
and type 4 (EHV- 4) , against the equine influenza virus 
EIV, against tetanus (Cl.tetani), against the Eastern 
3 5 encephalitis virus (EEV) , Western encephalitis virus 
(WEV) and Venezuelan encephalitis virus (VEV) , as well 
as against Lyme disease (B. burgdorferi) , against 
equine arthritis (EAV) and against rabies. Among the 
genes encoding major immunogens which can be used 
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according to the invention, there may be mentioned gB 
and gD genes for the equine rhinopneumonia valency, 
especially types 1 and 4, the HA, NA and NP genes for 
equine influenza, the C subunit, optionally modified by 
5 mutation or deletion, for the tetanus valency, the C 
and E2 genes for encephalites , the OspA, OspB and plOO 
genes for Lyme disease, the E, M and N genes for equine 
arthritis and the G gene for rabies. Such 
polynucleotide vaccine formulas against horse 

10 pathologies are described in particular in patent 
application WO-A-98 03 198 (FR-A-2 , 751, 226) which is 
incorporated herein by reference. This application 
describes a number of plasmids which can be directly 
used in the present: invention in combination with an 

15 adjuvant in accordance with the invention. Persons 
skilled in the art will therefore be able to combine, 
with the adjuvant in accordance with the invention, a 
plasmid as precisely described in this application, 
namely pAB042 comprising the gB gene of the EHV-1 

2 0 virus, pAB031 comprising the gB gene of the EHV-4 

virus, pAB013 comprising the gD gene of the EHV-1 
virus, pAB032 comprising the gD gene of the EHV-4 
virus, pAB043 comprising the HA gene of equine 
influenza, Prague strain, pAB033 comprising the HA gene 
25 of equine influenza, Suffolk strain, pAB099 comprising 
the HA gene of equine influenza, Fontainebleau strain, 
pAB085 comprising the NP gene of equine influenza, 
Prague strain, pAS034 comprising the NP gene of equine 
influenza, Jillin strain, pAB070 comprising the gene 

3 0 for the C subur.it of the tetanus toxin, pAB017 

comprising the OspA gene of Borrelia burgdorferi, 
pAB094 comprising the E2 gene of the Eastern 
encephalitis virus, pAB093 comprising the C gene of the 
Eastern encephalic is virus, pAB096 comprising the E2 
3 5 gene of the Western encephalitis virus, pAB095 
comprising the C gene of the Western encephalitis 
virus, pAB09 8 comprising the E2 gene of the Venezuelan 
encephalitis virus, pAB097 comprising the C gene of the 
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Venezuelan encephalitis virus and pAB041 comprising the 
G gene of the rabies virus. 

For vaccination of dogs, the invention may 
apply in particular to vaccination against Canine 
5 Distemper (Carre's disease) virus (CDV), canine 
parvovirus (CPV) , canine coronavirus (CCV) , canine 
herpesvirus (CHV) , Lyme disease and rabies. Among the 
genes encoding major immunogens which can be used in 
the context of the present invention, there may be 

10 mentioned most particularly the HA, F, M and N genes 
for the Canine Distemper virus, the VP 2 gene for the 
canine parvovirus , the S and M genes for the canine 
coronavirus (CCV) , the gB and gD genes for the CHV 
virus, the OspA and OspB and plOO genes for 

15 B. burgdorferi (Lyme disease) and the G gene for 
rabies . Such polynucleotide vaccine formulas are 
described in particular in patent application WO-A-98 
0 3 19 9 (FR-A-2 , 7 51, 227) which is incorporated herein by 
reference. Persons skilled in the art will therefore be 

20 able to refer to the plasmids described in this 
application, in combination with the adjuvants in 
accordance with the invention. Most particularly, they 
will be able to combine, with the adjuvants in 
accordance with the invention, the specific plasmids 

25 described in this application, namely pAB044 comprising 
the HA gene of CDV, pAB03 6 comprising the F gene of 
CDV, pAB024 comprising the VP2 gene of the canine 
parvovirus, pAB021 comprising the S gene of CCV, pAB022 
comprising the M gene of CCV, pAB03 7 comprising the gB 

3 0 gene of CHV, pAB03 8 comprising the gD gene of CHV, 
pAB017 comprising the OspA gene of B. burgdorferi and 
pAB041 comprising the G gene of the rabies virus. 

For vaccination of bovines, the invention may 
apply in particular to vaccination against the bovine 
• 35 herpesvirus type 1 or 5 (BHV-1 and BHV-5, responsible 
for the nervous form of the disease) , the bovine 
respiratory syncytial virus (BRSV) , the mucosal disease 
virus or bovine pestivirus (BVD) , the bovine 
parainfluenza virus type 3 (BPI-3). Among the genes 
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encoding the major immunogens allowing vaccination 
against these viruses, there may be mentioned in 
particular the gB and gD genes for the bovine 
herpesvirus, F and G for the bovine respiratory 
5 syncytial virus, E2 , C + El + E2 and El + E2 for the 
mucosal disease virus, HN and F for the bovine 
parainfluenza virus type 3. Such vaccine formulas are 
described in particular in patent application WO-A-98 
03 200 (FR-A-2 , 751, 229) which is incorporated herein by 

10 reference. Persons skilled in the art will therefore be 
able to use the plasmids described in this application 
in combination with the adjuvants in accordance with 
the invention. In particular, they will be able to 
combine, with the adjuvants in accordance with the 

15 invention, the plasmids specifically described in this 
application, namely pPB156 comprising the gB gene of 
BHV-1, pAB087 comprising the gD gene of BHV-1, pABOll 
comprising the F gene of BRSV, pAB012 comprising the G 
gene of BRSV, pAB058 comprising the C gene of BVD, 

20 pAB059 comprising the El gene of BVD, pAB060 comprising 
the E2 gene of BVD, pAB071 comprising the HN gene of 
BPI-3, pAB072 comprising the F gene of BPI-3 . 

For the vaccination of cats, the invention may 
apply in particular to vaccination against the feline 

2 5 leukemia virus FeLV, in particular subtypes A and B, 

the feline* panleukopenia virus (FPV) , the feline 
infectious peritonitis virus (FIPV) , the coryza virus 
or feline herpesvirus (FHV) , the feline calicivirosis 
virus (FCV) , the feline immunodeficiency virus (FIV) 

3 0 and the rabies virus (rhabdovirus ) . Among the genes 

encoding major immunogens allowing vaccination against 
these pathogens, there may be mentioned in particular 
the env and gag/pol genes for feline leukemia, VP 2 for 
panleukopaenia, M and modified S (FR-A-2 , 724 , 3 85 
3 5 incorporated herein by reference) for infectious 
peritonitis, gB and gD for coryza, capsid for 
calicivirosis, env and gag/pro for feline immuno- 
deficiency and G for rabies. Polynucleotide vaccine 
formulas are thus described in patent application 



WO-A-98- 03 660 (FR-A-2 , 7 51 , 223 ) which is incorporated 
herein by reference. Persons skilled in the art will be 
able to combine plasmids as described in this 
application with the adjuvants in accordance with the 
invention. In particular, they will be able to combine, 
with the adjuvants in accordance with the invention, 
the plasmids specifically described in this 
application, namely pPB179 comprising the env gene of 
the FeLV-A virus, pPB180 comprising the env gene of the 
FeLV-B virus, pPBl81 comprising the gag/pol gene of 
FeLV-A, pAB0 09 comprising the VP2 gene of FPV, pAB053 
comprising the modified S gene (FR-A-2 724 3 85) of the 
FIPV virus, pAB052 comprising the M gene of FIPV, 
pAB0 5 6 comprising the N gene of FIPV, pAB02 8 comprising 
the gB gene of FHV, pAB029 comprising the gD gene of 
FHV, pABOlO comprising the C gene of FCV, pAB030 
comprising the env gene of FIV, pAB083 comprising the 
gag/pro gene of FIV and pAB041 comprising the G gene of 
the rabies virus . 

For vaccination of avian species, the invention 
may apply in particular to vaccination against the 
Marek's disease virus (MDV) , the Newcastle disease 
virus (NDV) , the Gurnboro disease virus (IBDV or 
Infectious Bursal Disease Virus) , the infectious 
bronchitis virus (IBV) , the infectious anemia virus 
(CAV) , the * infectious laryngotracheitis virus (ILTV) , 
the encephalomyelitis " virus (AEV or avian leukosis 
virus ALV) , the pneumovirosis virus or pneumovirus, and 
the avian influenza virus. Among the genes encoding the 
major immunogens which can be used in the present 
invention, there may be mentioned most particularly the 
gB and gD genes for the Marek's disease virus, HN and F 
for the Newcastle disease virus, VP2 for the Gurnboro 
disease virus, S, M and N for the infectious bronchitis 
virus, C + NS1 for the infectious anemia virus, gB and 
gD for the infectious laryngotracheitis virus, env and 
gag/pro for the encephalomyelitis virus, F and G for 
the pneumovirosis virus and HA, N and NP for avian 
influenza. Such polynucleotide vaccine formulas are 
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described in patent application WO-A-98 03 659 (FR-A- 
2,7 51,22 5) which is incorporated herein by reference. 
Persons skilled in the art will therefore be able to 
refer to the plasmids described in this application in 
5 order to combine them with the adjuvants in accordance 
with the invention. Most particularly, persons skilled 
in the art will be able to combine/ with the adjuvants 
in accordance with the invention, the plasmids 
described specifically in this application, namely 

10 pAB045 comprising the gB gene of MDV, pAB080 comprising 
the gD gene of MDV, pAB046 comprising the HN gene of 
NDV, pAB047 comprising the F gene of NDV, pAB048 
comprising the VP 2 gene of IBDV, pAB049 comprising the 
SI gene of IBV, pABOSO comprising the M gene of IBV, 

15 pAB051 comprising the N gene of IBV, pAB054 comprising 
the VPl gene of CAV, pAB055 comprising the VP 2 gene of 
CAV, pAB076 comprising the gB gene of ILTV, pAB089 
comprising the gD gene of ILTV, pAB086 comprising the 
env gene of AEV, pAB0 81 comprising the gag/pro gene of 

2 0 AEV ; pAB082 comprising the G gene of the pneumo virus , 

pAB077 comprising the HA gene of avian influenza, 
strain H2N2, pAB078 comprising the HA gene of avian 
influenza, strain H7N7 , pAB088 comprising the NP gene 
of avian influenza, strain H1N1, pAB079 comprising the 
25 N gene of avian influenza, strain H7N1 . 

Each naked, in particular plasmid, DNA 
comprises a promoter capable of bringing about, in the 
host cells, the expression of the gene inserted under 
its control. It will be in general a strong eukaryotic 

3 0 promoter and in particular a cytomegalovirus early 

promoter CMV-IE, of human or murine origin, or 
alternatively possibly of another origin such as rat, 
pig or guinea pig. In a more general manner, the 
promoter may either be of viral origin, or of cellular 
3 5 origin* As viral promoter other than CMV-IE, there may 
be mentioned the SV40 virus early or late promoter or 
the Rous sarcoma virus LTR promoter. It may also be a 
promoter coming from the virus from which the gene is 
derived, for example the actual promoter of the gene. 
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As cellular promoter, there may be mentioned the 
promoter of a cytoskeleton gene, such as for example 
the desmin promoter (Bolmont et al . , Journal of 
Submicroscopic Cytology and Pathology, 1990, 22, 117- 
5 122; and Zhenlin et al . , Gene, 1989, 78, 243-254), or 
alternatively the actin promoter. When several genes 
are present in the same naked, in particular plasmid, 
DNA they may be present in the same transcription unit 
or in two different units . 

10 Of course, a vaccine may combine, for each of 

the valencies described above, several genes within the 
same naked, in particular plasmid, DNA and/or several 
naked, in particular plasmid, DNAs each comprising one 
or more genes of the same virus. 

15 The subject of the invention is also 

multivalent recombinant vaccines, that is to say 
containing one or preferably two or more naked, in 
particular plasmid, DNAs expressing antigens for two or 
more diseases, in the form of a mixture in an adjuvant 

20 solution in accordance with the invention. 

In the ready- for-use vaccine, the naked DNA, in 
particular the vaccinal plasmid, is present in the 
quantities normally used and described in the 
literature . 

25 The subject of the invention is also a method 

of vaccination consisting of administering by the 
parenteral, preferably intramuscular, intradermal, 
route or by the mucosal route a DNA vaccine in 
accordance with the invention at the rate of one or 

3 0 more administrations. 

The subject of the invention is also the use of 
the adjuvant cor pounds in accordance with the invention 
for the production of adjuvant-containing DNA vaccines 
as described here. 

3 5 The invention will now be described in greater 

detail with the aid of the embodiments taken by way of 
nonlimiting examples and referring to the accompanying 
figures . 
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List of figures: 

Figure No. 1: Sequence of the hemagglutinin (HA) gene 

of the equine influenza virus strain 
Newmar ke t 2/93 

Figure No. 2: Sequence of the hemagglutinin (HA) gene 

of the equine influenza virus strain 
Kentucky 1/94 

Figure No. 3: Sequence of the neuraminidase (NA) gene 

of the equine influenza virus strain 
Newmarket 2/93 

Figure No. 4: Sequence of the neuraminidase (NA) gene 

of the equine influenza virus strain 
Kentucky 1/94 

Figure No. 5: Sequence of the nucleoprotein (NP) gene 

of the equine influenza virus strain 
Newmarket 2/93 

Figure No. 6: Sequence of the nucleoprotein (NP) gene 

of the equine influenza virus strain 
Kentucky 1/94. 
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SEQ 


ID 


No. 


7 : 


Oligonucleotide AB262 




SEQ 


ID 


No. 


8: 


Sequence of the NA gene, 
Newmarket 2/93 strain 


EIV 


SEQ 


ID 


No . 


9 : 


Sequence of the NA gene, 
1/94 strain 


EIV 


SEQ 


ID 


No. 


10: 


Oligonucleotide CCL019 




SEQ 


ID 


No . 


11: 


Oligonucleotide CCL021 




SEQ 


ID 


No. 


12 : 


Sequence of the NP gene, 
Newmarket 2/93 strain 


EIV 
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SEQ ID No. 13: Sequence of the NP gene, EIV Kentucky 

1/94 strain 

Example 1: Adjuvant 

The carbomer used in the vaccines in accordance 
with the present invention is Carbopol® 974P 
5 manufactured by the company BF Goodrich (MW about 
3 million) . 

A stock solution containing 1.5% w/v of 
Carbopol® 974P was first prepared in distilled water 
containing sodium chloride at 1 g/1. 

1° This stock solution is then used for the 

manufacture of a solution of Carbopol® in physiological 
saline at 4 mg/ml . The stock solution is poured into 
the entire physiological saline (or optionally into 
most of it) all at once or optionally in several 

15 portions with, each time, adjustment of the pH with the 
aid of NaOH (for example 1 N or more concentrated) to a 
value of about 7.3 to 7.4. 

A ready-f or-use solution of Carbopol® is 
thereby obtained. 

20 

Example 2 : Culture of the viruses 

The viruses are cultured on the appropriate 
cellular system until a cytopathic effect is obtained. 
The cellular systems to be used for each virus are well 
25 known to the persons 'skilled in the art. Briefly, cells 
- • sensitive to the virus used, cultured in Eagle's 
minimum essential medium ("MEM" medium) or another 
appropriate medium, are inoculated with the viral 
strain studied using a multiplicity of infection of 1. 
30 The infected cells are then incubated at 37°C for the 
time necessary for the appearance of a complete 
cytopathic effect (on average 3 6 hours) . 

Example 3: Extraction of the viral genomic DNAs 

35 After culture, the supernatant and the lysed 

cells are harvested and the entire viral suspension is 
centrifuged at 1000 g for 10 minutes at +4°C in order 
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to remove the cellular debris. The viral particles are 
then harvested by ultracentrifugation at 400,000 g for 
1 hour at +4°C. The pellet is taken up in a minimum 
volume of buffer (10 mM Tris, 1 mM EDTA) . This 
5 concentrated viral suspension is treated with 
proteinase K (100 jig/ml final) in the presence of 
sodium dodecyl sulphate (SDS) (0.5% final) for 2 hours 
at 3 7°C. The viral DNA is then extracted with a 
phenol /chloroform mixture and then precipitated with 

10 2 volumes of absolute ethanol. After one night at 
-20°C, the DNA is centrifuged at 10,000 g for 
15 minutes at + 4°C. The DNA pellet is dried and then 
taken up in a minimum volume of sterile ultrapure 
water. It can then be digested with restriction 

15 enzymes. 

Example 4 : Isolation of the viral genomic M&As 

The RNA viruses were purified according to 
techniques well known to persons skilled in the art. 
2 0 The genomic viral RNA of each virus was then isolated 
using the ^guanidium thiocyanate /phenol -chloroform" 
extraction technique described by P. Chomczynski and 
N. Sacchi (Anal. Biochem, 1987. 162. 156-159). 

2 5 Example 5: Molecular biology techniques 

All* the plasmid^ constructions were carried out 
using the standard molecular biology techniques 
described by J. Sambrook et al . (Molecular Cloning: A 
La.bors.tory Manual. 2nd Edition. Cold Spring Harbor 

3 0 Laboratory, Cold Spring Harbor, New York, 1989) . All 

the restriction fragments used for the present 
invention were isolated using the "Geneclean" kit 
(BIO101 Inc. La Jolla, CA) . 

3 5 Example 6: RT-PCR technique 

Specific oligonucleotides (containing at their 
5' ends restriction sites to facilitate the cloning of 
the amplified fragments) were synthesized so that they 
completely cover the coding regions of the genes which 
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have to be amplified (see specific examples) . The 
reverse transcription reaction (RT) and polymerase 
chain reaction (PCR) were carried out according to 
standard techniques (J. Sambrook et al . Molecular 
5 Cloning: A Laboratory Manual. 2nd Edition. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York, 1989) . 
Each RT-PCR reaction was performed with a pair of 
specific amplimers and taking as template the extracted 
viral genomic RNA . The amplified complementary DNA was 
10 extracted with phenol /chloroform/ isoamyl alcohol 
(25:24:1) before being digested with restriction 
enzymes . 

Example 7: Plasmid pVR1012 

15 The plasmid pVR1012 was obtained from Vical 

Inc. San Diego, CA, USA. Its construction has been 
described in J. Hartikka et al . (Human Gene Therapy. 
1996. 7. 1205-1217) incorporated herein by reference. 

2 0 Example 8: Cons truct ion of the plasmid pCCL027 

(Newmarket 2/93 EIV HA gene) 

An RT-PCR reaction according to the technique 
described in Example 6 was carried out with the genomic 
RNA of the equine influenza virus (EIV) (Newmarket 2/93 
25 strain) (Daly et al . J. Gen. Virol. 1996. 77. 661-671), 
prepared according to the technique described in 
Example 4, and with the following oligonucleotides: 
CCL007 (40 mer) (SEQ ID No.l) 

5 ' TTGTCGACTCAATCATGAAGACAACCATTATTTTGATACT 3 ' 
30 CCL018 (34 mer) (SEQ ID No. 2) 

5 ' TTGGATCCTTACTCAAATGCAAATGTTGCACCTG 3 ' 

in order to isolate the gene encoding the HA 
glycoprotein of the equine influenza virus (Newmarket 
2/93 strain) (Figure No. 1, SEQ ID No. 3) in the form 
35 of a PCR fragment of about 1750 bp. This fragment was 
purified and then ligated with the vector pCRII (Cat# 
K2 000-01, Invitrogen Corp. Carlsbad, CA) in order to 
give the plasmid pCCL026. The plasmid pCCL026 was then 
digested with the restriction enzymes Sail and NotI in 
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order to isolate an Sall-NotI fragment of 1751 bp 
containing the Newmarket 2/93 EIV HA gene. This 
fragment was then ligated with the plasmid pVRl012 (see 
Example 7), previously digested with Sail and NotI, in 
5 order to give the plasmid pCCL027 {6642 bp) . 



Example 9: Construction of the plasmid pPB242 
(Kentucky 1/94 EIV HA gene) 

10 An RT-PCR reaction according to the technique 

described in Example 6 was carried out with the genomic 
RNA of the equine influenza virus (EIV) (Kentucky 1/94 
strain) (Daly et al. J. Gen. Virol. 1996. 77, 661-671), 
prepared according to the technique described in 

15 Example 4, and with the following oligonucleotides: 
CCL007 (40 mer) (SEQ ID No. 1) 

5 ' TTGTCGACTCAATCATGAAGACAACCATTATTTTGATACT 3 ' 

CCL020 (34 mer) (SEQ ID No. 4) 

5' TTGGATCCTTACTCAAATGCAAATGTTGCATCTG 3' 

2 0 in order to isolate the gene encoding the HA 

glycoprotein of the equine influenza virus (Kentucky 
1/94 strain) (Figure No. 2, SEQ ID No. 5) in the form 
of a PCR fragment of about 1750 bp. This fragment was 
purified and then ligated with the vector pCRII (Cat# 
25 K200G-01, Invitrogen Corp. Carlsbad, CA) in order to 
give the plasmid pCCL028. The plasmid pCCL028 was 
digested with the restriction enzymes SacI and BamHI in 
order to isolate an SacI-BamHI fragment of 1153 bp 
(fragment A) containing the 3' part of the Kentucky 

3 0 1/94 EIV HA gene. The plasmid pCCL028 was digested with 

the restriction enzymes SacI and EcoRV in order to 
isolate a Sac I - EcoRV fragment of 621 bp (fragment B) 
containing the 5' part of the Kentucky 1/94 EIV HA 
gene. Fragments A and B were then ligated together with 
35 the plasmid pVR1012 {see Example 7) , previously 
digested with EcoRV and BamHI, in order to give the 
plasmid pPB242 (6688 bp). 
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- Example 10 : Construction of the plasmid pAB142 
(Newmarket 2/93 EIV NA gene) 

An RT-PCR reaction according to the technique 
described in Example 6 was carried out with the genomic 
5 RNA of the equine influenza virus (EIV) (Newmarket 2/93 
strain) (Daly efc al . J. Gen. Virol. 1996, 77, 661-671), 
prepared according to the technique described in 
Example 4, with the following oligonucleotides: 
AB260 (35 mer) (SEQ ID No. 6) 
10 5' TTTGTCGACATGAAYCCAAATCAAAARATAATAAC 3' 
AB2 62 (32 mer) (SEQ ID No. 7) 
5 ' TTTGGATCCYTACATCTTRTCGATGTCAAAGG 3 ' 

in order to isolate the gene encoding the neuraminidase 
(NA) glycoprotein of the equine influenza virus 
15 (Newmarket 2/93 strain) (Figure No. 3, SEQ ID No. 8) in 
the form of a PCR fragment of about 143 0 bp. This 
fragment was purified and then digested with the 
restriction enzymes Sail and BamHI in order to isolate 
a Sall-BamHI fragment of 1418 bp containing the 

2 0 Newmarket 2/93 EIV NA gene. This fragment was then 

ligated with the plasmid pVR1012 (see Example 7) , 
previously digested with Sail and BamHI, in order to 
give the plasmid pABl42 (62 87 bp) . 

25 Example 11: Construction of the plasmid pPB246 

(Kentucky 1/94 EIV NA gene) 

An RT-PCR reaction according to the technique 
described in Example 6 was carried out with the genomic 
RNA of the equine influenza virus (EIV) (Kentucky 1/94 
30 strain) (Daly et al . J, Gen. Virol. 1996, 77, 661-671), 
prepared according to the technique described in 
Example 4, and with the following oligonucleotides: 
AB260 and AB262 (Example 10) in order to isolate the 
gene encoding the neuraminidase (NA) glycoprotein of 

3 5 the equine influenza virus (Kentucky 1/94 strain) 

(Figure No. 4, SEQ ID No. 9) in the form of a PCR 
fragment of about 143 0 bp. This fragment was purified 
and then digested with the restriction enzymes Sail and 
BamHI in order to isolate a Sall-BamHI fragment of 
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1418 bp- containing the Kentucky 1/94 EIV NA gene. This 
fragment was then ligated with the plasmid pVR1012 (see 
Example 7), previously digested with Sail and BamHI, in 
order to give the plasmid pAB116 (6287 bp) . 



Example 12: Construction of the plasmid pPB245 
10 (Newmarket 2/93 EIV NP gene) 

An RT-PCR reaction according to the technique 
described in Example 6 was carried out with the genomic 
RNA of the equine influenza virus (EIV) (Newmarket 2/93 
strain) (Daly et al . J. Gen. Virol. 1996, 77, 661-671), 
15 prepared according to the technique described in 
Example 4, and with the following oligonucleotides: 
CCL019 (25 mer) (SEQ ID No. 10) 
5 ' TTGTCGACCATGGCGTCTCAAGGCAC 3' 
CCL021 (28 mer) (SEQ ID No. 11) 

2 0 5 ' TTTCTAGACTTTAAYTGTCAWACTCYTC 3 ' 

in order to isolate the gene encoding the nucleoprotein 
(NP) of the equine influenza virus (Newmarket 2/93 
strain) (Figure No. 5, SEQ ID No. 12) in the form of a 
PGR fragment of about 152 0 bp. This fragment was 

25 purified and then digested with the restriction enzymes 
Sail and Xbal in order to isolate a Sall-Xbal fragment 
of 1506 bp containing the Newmarket 2/93 EIV NP gene. 
This fragment was then ligated with the plasmid pVR1012 
(see Example 7), previously digested with Sail and 

30 Xbal I, in order to give the plasmid pPB245 (6389 bp) . 

Example 13: Construction of the plasmid pPB246 
(Kentucky 1/94 EIV NP gene) 

An RT-PCR reaction according to the technique 

3 5 described in Example 6 was carried out with the genomic 

RNA of the equine influenza virus (EIV) (Kentucky 1/94 
strain) (Daly et al . J. Gen. Virol. 1996, 77, 661-671), 
prepared according to the technique described in 
Example 4, and with the following oligonucleotides: 
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CCL019 and CCL021 (Example 12) in order to isolate the 
gene encoding the nucleoprotein (NP) of the equine 
influenza virus (Kentucky 1/94 strain) (Figure No. 6, 
SEQ ID No. 13) in the form of a PCR fragment of about 
152 0 bp. This fragment was purified and then digested 
with the restriction enzymes Sail and Xbal in order to 
isolate a Sall-Xbal fragment of 1506 bp containing the 
Kentucky 1/94 EIV NP gene. This fragment was then 
ligated with the plasmid pVR1012 (see Example 7), 
previously digested with Sail and Xball, in order to 
give the plasmid pPB246 (6389 bp) . 

Example 14: Construction of the plasmid pPB156 
{BHV-1 gB gene) 

Its construction is described in WO-A-98 03200. 

Example 15: Construction of the plasmid pAB087 
(BHV-1 gD gene) 

Its construction is described in WO-A-98 03200. 

Example 16: Construction of the plasmid pAB090 
(PRV gB gene) 

Its construction is described in WO-A-98 03658. 

Example 17: Construction of the plasmid pPB098 
(PRV gD gene) 

Its construction is described in WO-A-98 03 658. 

Example 18: Construction of the plasmid pAB044 
(CDV HA gene) 

Its construction is described in WO-A-98 03199. 

Example 19: Construction of the plasmid pAB03 6 
(CDV F gene) 

Its construction is described in WO-A-98 03199. 

Example 20: Construction of the plasmid pAB041 
(G gene of the rabies virus) 

Its construction is described in WO-A-98 03199. 
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Example 21: Application in horses 

The vaccine tested is a mixture of 3 plasmids 
pCCL027 (Example 8), pAB142 (Example 10) and pPB245 
5 (Example 12) containing and expressing, respectively, 
the HA, NA and NP genes of the EIV virus strain 
Newmarket 2/93. This mixture is combined or otherwise 
with the carbomer as according to the present 
invention . 

10 The vaccination/challenge protocol was the 

following : 



Group 


Number of 
horses 


Vaccine 


Diluent 


Dose 


A 


5 


pCCL027 + 
PAB142 + pPB245 


Saline 
solution 


3 x 400 ug 


B 


5 


pCCL027 + 
pAB!42 + pPB245 


Carbopol® 
974P 


3 X 400 ug 


C 


6 


Corrmnercial 
vaccine 




1 commercial 
dose 


D 

(controls) 


5 









Ponies (Welsh Mountain ponies) 7 to 8 months 
15 old, having no detectable antibodies against the H3N8 
and H7N7 viruses, measured by the SRH (Single Radial 
Haemolysis) test, were used for this study. The ponies 
were randomly distributed into 4 groups. 

The horses were vaccinated on DO and D35 by the 
2 0 intramuscular route. The commercial vaccine used for 
group C was administered to the horses in a dose volume 
of 1 ml. 

The ponies in groups A and B each received 2 
doses of 5 ml on DO and D3 5 by deep intramuscular 
25 injection into the neck. 

On D56, three weeks after the second 
vaccination, each pony was infected by exposure to an 
aerosol obtained from about 1 ml of allantoic fluid 
containing a total of 10 7 ' 3 EID 50 of influenza A-equi- 
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2/Sussex/89 virus, using an ULTRA 2000 model spraying 
device (De Vilbiss, Somerset PA) , as described by 
Mumford et aL, Equine Vet. J. 1990, 22, 93-98. 

After the challenge, the ponies were monitored 
5 in order to observe the clinical signs (establishment 
of a clinical score) and the temperature. Nasal swabs 
were prepared daily from day 0 of the challenge up to 
the 10th day after the challenge in order to measure 
the quantity of virus excreted by each challenged 
10 horse. 

Finally, blood samples were collected 
throughout the protocol, before and after the challenge 
(days DO, D7 , D14, D3 5, D49, D56, D63 and D7 0) in order 
to measure the kinetics of appearance and the level of 
15 SRH and I HA antibodies {haemagglutinating antibodies) 
for each vaccinated group. 

Example 22: Application in pigs 

The efficacy of a plasmid vaccine, combined or 
2 0 otherwise with the carbomer, was studied in pigs in a 
vaccination/challenge model for Aujeszky's disease. The 
vaccine tested is a mixture of 2 plasmids pAB090 
(Example 16) and pPB098 (Example 17) comprising and 
expressing, respectively, the gB and gD genes of the 
25 PRV virus. The mixture was combined or otherwise with 
the carbomer as according to the present invention. The 
vaccination/challenge protocol used was the following: 



Group 


Numbe r c £ 
pigs 


Vaccine 


Diluent 


Dose 


A 


6 


p?BQ98 + pAB090 


Saline 
solution 


2 x 200 ]ig 


B 


6 


pPB098 + pAB090 


Carbopol® 
974P 


2 x 200 pg 


C 


6 


Geskypur 




1 commercial 
dose 


D 

(controls ) 


6 
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"On DO , the pigs in groups A and B were 
vaccinated with the mixture of the plasmids pPB098 and 
pAB090 (200 pg of each plasmid) , combined or otherwise 
with the carbomer, by the intramuscular route, in a 
5 volume of 2 ml. 

The pigs in group C received an injection of 
the commercial vaccine Geskypur (subunit vaccine, 
MERIAL, Lyon, France) by the intramuscular route in a 
volume of 2 ml. 

10 The pigs in group D were not vaccinated. 

On D21, all the pigs were challenged with 2 ml 
(at the rate of 1 ml per nostril) of a viral suspension 
of Aujeszky's challenge strain, strain NIA3 (1/5 
dilution of a stock solution titrating 10 8 " 25 CClDso/ml) . 

15 After the challenge, the pigs were monitored 

for mortality and the delta G7 criterion (individual 
weighings on DO and D7 of the challenge) . Nasal swabs 
are prepared daily from DO to D14 of the challenge in 
order to measure the quantity of virus excreted after 

20 the challenge. 

Finally, blood samples were collected on DO, 
D7, D14, D21 and D28 of the protocol in order to 
measure the kinetics and the Aujeszky's disease virus 
(PRV) seroneutralizing antibody level. The anti-PRV 

25 ELISA antibodies of isotypes IgGl and IgG2 were also 
measured iri the sera collected in the vaccinated and 
nonvaccinated pigs. 

Example 23: Application in bovines 

30 The efficacy of a plasmid vaccine, combined or 

otherwise with the carbomer, was studied in bovines in 
a vaccination/challenge model for infectious bovine 
rhinotracheitis (IBR) or BHV-1. The vaccine tested is a 
mixture of 2 plasmids pPBl56 (Example 14) and pAB087 
* 3 5 (Example 15) comprising and expressing, respectively, 
the gB and gD genes of the BHV-1 virus. The mixture was 
combined or otherwise with the carbomer as according to 
the present invention. The vaccination/challenge 
protocol used was the following: 
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Group 


Number of 
calves 


Vaccine 


Diluent 


Dose 


A 


6 


pAB087 + pPB156 


Saline 
solution 


2 x 300 ug 


B 


6 


pAB087 + pPB156 


Carbopol® 
974P 


2 x 300 ug 


C 


6 


Ibepur 




1 commercial 
dose 


D 

(controls ) 


6 









On DO , the calves in groups A and B were 
vaccinated with the mixture of plasmid pPAB087 and 
5 pPB156 (300 ug of each plasmid) , combined or otherwise 
with the carbomer, by the intramuscular route, in a 
volume of 5 ml. 

The calves in group C receiyed an injection of 
the commercial vaccine Ibepur (subunit vaccine, MERIAL, 
10 Lyon, France) by the intramuscular route in a volume of 
2 ml. 

The calves in group D were not vaccinated. 

On D21, groups A, B and C received a second 
injection of vaccine according to the same modalities 
15 as on DO, 

On D3 5, the calves were challenged with 2 . 5 ml 
(at the rate of 1.25 ml per nostril) of a viral 
suspension of the BHV-1 challenge strain, strain B901 
(1/5 dilution of a stock solution titrating 10 8 " 15 
2 0 CCID 50 /ml) . 

After the challenge, the calves were monitored 
for clinical signs (establishment of a clinical score) * 
Nasal swabs were prepared daily from DO to D14 of the 
challenge in order to measure the quantity of virus 
25 excreted after the challenge. Finally, blood samples 
were collected on DO, D7, D14, D21, D35 and D49 of the 
protocol in order to measure the kinetics and the 
infectious bovine rhinotracheitis virus (BHV-1 ) 
seroneutralizing antibody level. The anti-BHV-1 ELISA 
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antibodies of isotypes IgGl and IgG2 were also measured 
in these sera collected from vaccinated and non- 
vaccinated calves. 

5 Example 24: Application in dogs 

The efficacy of a plasmid vaccine, combined or 
otherwise with the carbomer, was studied in dogs in a 
vaccination/challenge model for Carre's disease (CDV). 
The vaccine tested is a mixture of the 2 plasmids 
10 pAB044 (Example 18) and pAB036 (Example 19) comprising 
and expressing, respectively, the HA and F genes of the 
CDV virus. The vaccination/challenge protocol used was 
the following: 



Group 


Number 
of dogs 


Vaccine 


Diluent 


Dose 


A 


6 


pAB03 6 + pAB041 


Saline 
solution 


2 X 200 ug 


B 


6 


pAB03 6 + pAB041 


Carbopol® 
974P 


2 x 200 ug 


C 


6 


EUR I CAN 




1 commercial 
dose 


D 

(controls ) 


6 









15 

The dogs in groups A, B and C were vaccinated 
on DO and D2 8 by the intramuscular route. The dogs in 
groups A and B received/ for each vaccination, an 
injection of plasmid solution containing 400 yg in 

2 0 total (2 X 2 00 yg) in a volume of 1 ml. 

The dogs in group C were vaccinated with the 
vaccine EUR I CAN (CHPPI2) which is a vaccine marketed by 
Merial, Lyon, France. One commercial dose contains 
about 10 4 pfu of CDV Onderstepoort vaccinal strain as 

25 well as the valencies for vaccination against Rubarth's 
hepatitis, canine parvovirosis and type 2 parainfluenza 
virus . 

The challenge was performed on D49 by 
intracerebral administration of 1/10 dilution of the 
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CDV u Synder-Hill" challenge strain (batch prepared and 
provided by USDA, USA) . 

Clinical monitoring was performed daily for 21 
days after the challenge in order to note the signs 
5 (general state, oculonasal symptoms, digestive 
symptoms, nervous symptoms, temperature) {notation 
according to the rules of the European Pharmacopoeia) . 
The challenged dogs were also weighed once per week. 

Protection was assessed on the following 
10 criteria: 

- mean clinical scores for each group 

- CDV viraemia level after challenge {measurement of 
the viral load in the lymphocytes on D56, D61, D66, 
D70) 

15 - blood count on blood samples collected on D48, D54, 
D56, D59, D63 and D70 (that is to say days - 1, 5, 7, 
10, 14 and 21 after challenge) 

- weight variation after challenge. 

For all these criteria, the mean levels for 
2 0 each group were also compared with each other and with 
the mean level for the control group. 

Blood samples were collected on days DO, D14, 
D28, D56 and D70 for titration of the ELISA antibodies 
and Carre's disease virus seroneutralizing antibodies. 
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Further Statement of the Invention 

This invention provides for a DNA vaccine comprising a naked DNA 
incorporating and expressing in vivo a polynucleotide encoding an antigenic 
polypeptide, preferably a gene of a pathogenic agent, and at least one adjuvant 
compound chosen from the polymers of acrylic or methacrylic acid and the copolymers 
of maleic anhydride and alkenyl derivative. 

In one embodiment of the invention, the vaccine is characterized in that 
it comprises, as adjuvant compound, a polymer of acrylic or methacrylic acid cross- 
linked with a polyalkenyl ether of a sugar or polyalcohol. 

In another embodiment of the invention, the vaccine is characterized in 
that the polymer is cross-linked with an allyl sucrose or with allylpentaerythritol. 

In another embodiment of the invention, the vaccine is characterized in 
that it comprises, as adjuvant compound, a copolymer of maleic anhydride and ethylene 
cross-linked, for example, with divinyl ether. 

In another embodiment of the invention, the vaccine is characterized in 
that the adjuvant compound is present in the vaccine in an amount of 0.01% to 2% w/v. 

In another embodiment of the invention, the vaccine is characterized in 
that the concentration is 0.06 to 1% w/v, preferably 0.1 to 0.6% w/v. 

In another embodiment of the invention, the vaccine is characterized in 
that the naked DNA is a plasmid. 

In another embodiment of the invention, the adjuvant compound is a 
carbomer or an EMA®. 

In yet another embodiment of the invention, the vaccine is characterized 
in that it comprises a naked DNA incorporating and expressing a sequence of a pig, 
horse, dog, bovine, cat or avian pathogen. 

In a further embodiment of the invention, the vaccine is characterized in 
that it comprises at least one sequence of a pathogen chosen from: 

- Aujeszky's disease virus 

- porcine influenza virus 

- porcine reproductive and respiratory syndrome virus 

- porcine parvovirosis virus 

YL0277 
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hog cholera virus 
Actinobacillus pleuropneumoniae 
equine rhinopneumonia virus 
equine influenza virus 
CI. Tetani 

Eastern encephalitis virus 
Western encephalitis virus 
Venezuelan encephalitis virus 
B. burgdorferi 
Canine Distemper virus 
canine parvovirus 
canine cornoavirus 
canine herpesvirus 
rabies virus 

bovine herpesvirus types 1 or 5 
bovine respiratory syncytial virus 
bovine pestivirus 
bovine parainfluenza virus type 3 
feline leukaemia virus 
feline panleukopaenia virus 
feline infectious paritonitis virus 
feline herpesvirus 
feline calicivirosis virus 
feline immunodeficiency virus 
Marek's disease virus 
Newcastle disease virus 
Gumboro disease virus 
avian infectious bronchitis virus 
avian infectious anaemia virus 
infectious laryngotracheitis virus 
avian leukosis virus 
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- avian pneumovirus 

- avian influenza. 



The present invention also provides for a method of enhancing the DNA 
vaccine incorporating and expressing in vivo a heterologous polynucleotide by adding 
an adjuvant chosen from the polymers of acrylic or methacrylic acid and the 
copolymers of maleic anhydride and alkenyl derivative, as defined in the specification. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be apparent to 
those skilled in the art that certain changes and modifications can be practiced. 
Therefore, the description and examples should not be construed as limiting the scope 
of the invention, which is delineated by the appended claims. 
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What is claimed is: 

1 . A DNA vaccine comprising a naked DNA incorporating and expressing in vivo a 
polynucleotide encoding an antigenic polypeptide and at least one adjuvant 
compound chosen from the polymers of acrylic or methacrylic acid and the 
copolymers of maleic anhydride and alkenyl derivative. 

2. The vaccine according to Claim 1 , characterized in that it comprises, as adjuvant 
compound, a polymer of acrylic or methacrylic acid cross-linked with a polyalkenyl 
ether of a sugar or polyalcohol. 

3. The vaccine according to Claim 2, characterized in that the polymer is cross-linked 
with an allyl sucrose or with allylpentaerythritol. 

4. The vaccine according to Claim 1 , characterized in that it comprises, as adjuvant 
compound, a copolymer of maleic anhydride and cross-linked ethylene. 

5. The vaccine according to Claim 1 , characterized in that the adjuvant compound is 
present in the vaccine in an amount of 0.01% to 2% w/v. 

6. The vaccine according to Claim 5, characterized in that the adjuvant compound has 
a concentration of 0.06 to 1% w/v. 

7. The vaccine according to Claim 1 , characterized in that the naked DNA is a 
plasmid. 

8. The vaccine according to Claim 1 , characterized in that it comprises a naked DNA 
incorporating and expressing a pig, horse, dog, bovine, cat or avian pathogen. 

9. The vaccine according to Claim 8, characterized in that it comprises at least one 
pathogen chosen from: 

- Aujeszky's disease virus 

- porcine influenza virus 

- porcine reproductive and respiratory syndrome virus 

- porcine parvovirosis virus 

- hog cholera virus 

- Actinobacillus pleuropneumoniae 

- equine rhinopneumonia virus 

- equine influenza virus 
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- CLTetani 

- Eastern encephalitis virus 

- Western encephalitis virus 

- Venezuelan encephalitis virus 

- B. burgdorferi 

- Canine Distemper virus 

- canine parvovirus 

- canine cornoavirus 

- canine herpesvirus 

- rabies virus 

- bovine herpesvirus types 1 or 5 

- bovine respiratory syncytial virus 
CI - bovine pestivirus 

n\ ~ bovine parainfluenza virus type 3 

J I - feline leukaemia virus 

S i - feline panleukopaenia virus 

ni - feline infectious paritonitis virus 

f - feline herpesvirus 

p - feline calicivirosis virus 

sj- £ - feline immunodeficiency virus 

Q - Marek's disease virus 

- Newcastle disease virus 

- Gumboro disease virus 

- avian infectious bronchitis virus 

- avian infectious anaemia virus 

- infectious laryngotracheitis virus 

- avian leukosis virus 

- avian pneumovirus 

- avian influenza. 

10. A method of enhancing a DNA vaccine which incorporates and expresses in 
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vivo a heterologous polynucleotide by adding an adjuvant chosen from the 
polymers of acrylic or methacrylic acid and the copolymers of maleic anhydride 
and alkenyl derivative, as defined in Claim 1. 

11. TheDNA vaccine of claim 1 , wherein the polynucleotide is a gene of a 
pathogenic agent. 

12. The vaccine of claim 4 ? wherein the ethylene is cross-linked with di vinyl ether. 

13. The vaccine of claim 6, wherein the adjuvant compound has a concentration of 
0.06 to l%w/v. 

14. The vaccine of claim 1, wherein the adjuvant compound is a carbomer or an 
EMA®. 
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ABSTRACT OF THE DISCLOSURE 



This invention provides a DNA vaccine which comprises a naked DNA 
incorporating and expressing in vivo a nucleotide sequence encoding an antigenic 
polypeptide, preferably a gene of a pathogenic agent, and at least one adjuvant 
compound chosen from the polymers of acrylic or methacrylic acid and copolymers of 
maleic anhydride and alkenyl derivative. The adjuvant compound is preferably a 
carbomer or an EMA®. This invention also provides a method of enhancing a DNA 
vaccine and/or the immunogenicity of a DNA vaccine. 



1 /6 

ATGAAGACAACCATT3LTIT^ 

AACACAGCCAC^TTATtrrCTGGGaCA^ 

GACt^AATTGAGGTC^CAAATCCTAC^ 

TCATA23lGGGTTCTAGATO3AAGA^ 

GATTTTCAGTATGAGAA'rTGGGACC^ 

GACATCCCTGACTS^^IAXCGCTC 

TTCTTT&GCCGACTGAATTGGCO^ 

AACATCGGATCTAGGCCSTGGGTCA^ 

AATCXLAACC3m:CCCAACGACAA^ 

^T&TCAGGCAAAACACIT^^ 

ATCTTTCGAGC^A22U^GGC^^ 

CGATrMCAAAACTCGGAAGGAAC^^ 

ATCAATIXXSAAAACT^AACAGAGrr^^ 

TCAGAACTI^GAAGGGAGAATCCAGGACTr^^ 

^CAATGCAGAAXXGCTCGTGGCT*^^ 

AAATXA3TCGAG3UfcGACTA^ 

GCTTCCCAAAAAGGCAACATCAGCTt^^ 

SEQ ID NO:3 
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ATCAAGACAJ^CCATOl^lST^ 

ATGACCAAATTCA'GGTGACAAATGCmCTGAA^ 
AACTCATATAGAGTTCTAa^TGGAAGAAAT^ 

CAXATCACATCCCTaACT^TGCATCGCTC 

GCAGAGGGATTCACATGGACAGGTGTCACTCAA^ 

CGAIAGTTTCTTTAGCC GACTGAATTC 

CAATCCCTAACAATAAAAATTTCGACAAACTATACA^ 

CAGCAAAC^GAATTGTACaTC 

GA^ATCCCTAATATCGGATCTAGACCGTGG^ 

CCLATTGTAAAACCTGGAGATATCCTAAO^ 

TTTIAAATTQAAAACA'GGGAAAAGCTCTG 

ATGTATTACACCAAAOX^AAGCATCCCCAACGA^^ 

GAAAATGCCCCAAGTATATCAGGC^lAAACAC^ 

AAJGCAAATCAGAGGAATCTTTGGAGCAA 

AAGCAGCGLATCGACCAGATT^JITGG^ 
CAAATAGAGAAGGAATTCTCAGAAGT^ 
CAAAATAGAC CTATGGTCCTACAAXGCAGAATT^ 
TAACAGATGCAGAAATGAA^TAAA^ri^ 
ATGGGAGGTGGATGTITCAAGATTTACCACA^ 

TGAAATCAGGCTACAAAGATTGGATACTGTG 
GTTCTATTGGGTTTI^ATX?^ 

SEQ ID NO:5 
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ATGAACCCAAATCAAAAGAO^^ 
CTCCATGTAGTC^GCAOTA^ 

GGGACGATCAXAAGAGAGTACAATGAAACAGTAAGAGI^ 

ACAAiratSAGTACATAGAAAGATCT 

CAGGGCTTTGCACCATTT^ 

AGAGAACCTTTTCTATCATGT^ 

AATGACAi^CATTCILAACGGCAC^ 

GGGCAATCACCTAATGTGTATCAAGC^ 

GGAAAAAA21TGGATGACAGTTGGAGTC^ 

TGCATTAAAGGAGACTGT12mX3GGTGA^ 
TTCAAAGCAAAAAATGGAAGAATAAT^ 
TGTTCTTGTTACCCCAATCAAGGGAAGGT^^ 
CCA&XTCTGSTZUUa ^ 

ACTCCTAGGGGAGAGGATAGTCAim?CACAG^ 
GTASAAGGTTTCGGGTTTCGACAA 
TCAGGATTCGAAAOIAATAAAGATCAG^ 
GTGATTATTGATAACC1!AAATTGG 

ACCTCTAGC^GCTCCATTGTGA^ 
GCTA1ITCTTCCCTTTGACATCGATAAGATGTAA 

SEQ ID NO:8 
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ATGAATCCAAATCAAAAGA 

CTCCATGTAGTCAGaiTT^^ 

GGGACQATCATAAGAGAGTACAATGAAAC^ 

ACAATTGAGTACAl^AGAGACCTTCA^ 

CAAGGCTTIGCAGCAriTTCCAA^ 

AG AGAAC CTTTTGTCTCATGTTC GC C CTCAGAATGTAGAACCTTTTTC CTCACAC AGGGCTCfVTtT^CTC 

AA^GAC^AACATTCTAACGGCACAGTGAAGGA 

GGGCAATCACCTAAIIXSTGTATCAAGCXA 

GGTGTTCCGGTTGATATTATTAAT^ 

TGGATTAAAGGAGACTGTTATTGGGTGATG^ 

TTCAAAGCAAAAXSATGGAAGAAXA^ 

TGTTCTTGTTACCCC^TCA^ 

CCAATTCTGGTAATAICTTCTGAT^^ 

ACTCCTAGGGGA<»G^^ 

GTAAAAGGTTTCGGGTTTtZGACAAGGAACTGACG^ 
TCAGGATTCGAAATAATAAAAA 

AAGGGAT GTTX& GTCCCCrr ^ 

ACCTCTAGCAGCTCCATTCTGATGTGT^ 

GCTATTCTTCCCTTTGACATAC^CAAGATG1!AG 

SEQIDN0:9 
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ATGGCGTCTCAAGGCACCAAACGATCT^ 

AACTGAAATCAGAGCATCTCT^ 

GTACTGAGCTTAAATTA^CGACCAT^ 

ATGGTACTTTCGGCATTCGA 

AGACCCTAAGAAAACGGGAGGCCCGAIA^ 

TCCTCCATC^TAAMa^^ 

GCTGGTCTTACCCAXATGATGATCTGGCACTC 

GGCTCTTGTTCGGACTGGGATOSATC 

GGAGATCTGGAGCTKCGGTGCTGCAGISl^^ 

ATGATCAAACGCGGGATAAATGATCG 

TGCTTATGAAAGAAIGTGCAATATCCT^ 

TGGACCAAGTGAGGGAGGGCCGCAATCCTGGAAAT^ 

CGATGAGCACTCATTTTGAGAGGAT^ 

CCTTGCAGTAACCAGTGGGTAIXGACTTTG^^ CTT 

TCAAACTACTCCAGA^CAGCCAAATTTTC^ 

AGCCAGTIGGTGTGGATGGCATGCCATTCT^^ 

TAGAGGAACAAAAG*ZA£JrC C CAAGAGGACAGTTGG CAAC CAG AGGAGTGCAG ATTGCTTC AAA TG 

AGAAGTGGAGGAAACACCAGTCAACAGAGAGCATCTG 

CTCAGTGCAGAGAAATCTTCC^^ 

AGCGGAGGACTTCCGACATCAGAACGGAAATCATAA 

GTIX3TCTTTCCAGGGGCGGGGAGTCTTC 

TTCCTTTG^CATGAGCAATCAAGGGTCT^ 

AA 

SEQ ID NO: 12 
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ATGGCCrrCTCiUVGGCAC^ 
GAAATCAGAGCATCTGTCGGAAGGAT^ 
CTCAAACTAAACGACCAJTGAAGGG^ 
GCATTCXaCGAAAG&AiG^ 

ATCATCAGG&TCTGCKGT^^ 
TGGCACTCCAATCTCAATGACAC 
AGAAIGTGCTCTCTGA!^^ 
GGTGTTGGiUVCAATCGTAATO 

CAGACSdSCAGCACAACX^GCTA^ 

GAGGATCTCATTTTCTTCGCACG^ 

CCTGCCTGTGTTTAIXGGCCTTCCAGTAAC^ 

GGAACTGATCCTirrrCAAAC^ 

GCACACAAGAGCCAGTTGGTGTGGA!!^^ 

TTCATTAGAGGAACCAAAGT!AATCC^ 

GAAAACATGGAGACAATAGATTCTAGCACA.CTCG 

AGTGGAGGSLAACACCAGTCAACAGAGAGCATCTGCAGGA 

CAGAGAAATCTTCCCTTTGAAAGAGCAAC 

TCCGACATGAGAACGGAAATCATAAGGA^ 

CGGGGAGTCTTCGAGCTCTCGGACGAAAAGGCA^ 

GAAGGGTCTmTTTCTTCGC^^ 

SEQ ID NO:13 
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the specification of which 
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Signature: MINKE Jules Maarten 
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SEQUENCE LISTING 



<110> AUDONNET et al . 

<12 0> ADUVANT CONTAINING DNA VACCINES 

<130> 454313-3160 

<140> 
<141> 

<150> PCT/FR99/00666 
<151> 1999-03-22 

<150> 98 04409 FRANCE 
<151> 1998-04-03 

<160> 13 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 40 
<212> DNA 

<400> 1 

ttgtcgactc aatcatgaag acaaccatta ttttgatact 4 0 

<210> 2 
<211> 34 
<212> DNA 

<400> 2 

ttggatcctt actcaaatgc aaatgttgca cctg 

<210> 3 
<211> 1698 
<212> DNA 

<400> 3 

atgaagacaa ccattatttt gatactactg acccattggg tctacagtca aaacccaacc 6 0 
agtggcaaca acacagccac attatgtctg ggacaccatg cagtagcaaa tggaacattg 120 
gtaaaaacaa taactgatga ccaaattgag gtgacaaatg ctactgaatt agtccagagc 18 0 
atttcaatag ggaaaatatg caacaactca tatagggttc tagatggaag aaattgcaca 240 
ttaatagatg caatgctagg agacccccat tgtgatgatt ttcagtatga gaattgggac 3 00 
ctcttcatag aaagaagcag cgctttcagc aattgctacc catatgacat ccctgactat 360 



34 



gcatcgctcc ggtccattgt agcatcctca 
acatggacag gtgtcactca aaacggaaga 
agtttcttta gccgactgaa ttggctaaca 
gtgacaatgc ctaacaataa aaatttcgat 
agctcaaaca aagagcagac aaaattatat 
acagaaagaa gtcaacaaac agtaatccct 
caatcaggca ggataagcat atactggacc 
aacagtaatg gcaacttagt tgcaccgcgg 
tctgtaatga gatcagatgc actcatagac 
ggaagcatcc ccaacgacaa accatttcaa 
cccaagtata tcaggcaaaa cactttaaag 
aagcaaatca gaggaatctt tggagcaata 
atggttgatg ggtggtatgg attccgatat 
gatctaaaga gcactcaagc agccatagac 
gaaaggacca atgagaaatt ccatcaaata 
atccaggatt tggagaagta tgtagaagac 
gaattgctgg tggctctaga aaatcaacat 
aaattattcg agaagactag gcgccagtta 
tgtttcaaga tttaccacaa atgtgataat 
tatgaccatt acatatacag agatgaagca 
gagttgaaat caggctacaa agattggata 
ttaatttgcg ttgttctatt gggtttcatt 
tgcaacattt gcatttga 



ggaacattag aattcacagc agaggggttc 42 0 
agtggagcct gcaaaagggg atcagccgat 480 
aaatctggaa attcttaccc catattgaat 54 0 
aaactataca tctgggggat tcatcacccg 600 
atccaagaat caggacgagt aacagtctca 660 
aacatcggat ctaggccgtg ggtcaggggt 720 
attgtaaaac ctggagatat tctaatgata 78 0 
ggatatttta aattgagaac agggaaaagc 840 
acttgtgtgt ctgaatgtat tacaccaaat 900 
aatgtgaaca aaattacata tggaaaatgc 960 
ctggccactg ggatgaggaa tgtaccagaa 102 0 
gcgggattca tagaaaacgg ctgggaagga 1080 
caaaactcgg aaggaacagg acaagctgca 1140 
cagatcaatg gaaaattaaa cagagtgatt 120 0 
gaaaaggaat tctcagaagt agaagggaga 1260 
accaaaatag acctatggtc ctacaatgca 1320 
acaattgact taacagatgc agaaatgaat 13 8 0 
agagaaaacg cggaagacat gggaggtgga 1440 
gcatgcattg gatcaataag aaatgggaca 1500 
ttaaacaacc gatttcaaat caaaagtgtt 1560 
ctgtggattt cattcgccat atcatgcttc 162 0 
atgtgggctt gccaaaaagg caacatcagg 168 0 

1698 



<210> 4 
<211> 34 
<212> DNA 

<400> 4 

ttggatcctt actcaaatgc aaatgttgca tctg 



<210> 5 
<211> 1698 
<212> DNA 

<400> 5 

atgaagacaa ccattatttt gatactactg 
agtggcaaca acacagccac attatgtctg 
gtaaaaacaa taactgatga ccaaattgag 
atttcaatag ggaaaatatg caacaactca 
ttaatagatg caatgctagg agacccccac 
ctcttcatag aaagaagcag cgctttcagc 
gcatcgctcc ggtccattgt agcatcctca 
acatggacag gtgtcactca aaacggaaga 
agtttcttta gccgactgaa ttggctaaca 
gtgacaatgc ctaacaataa aaatttcgac 



acccattggg tctacagtca aaacccaacc 6 0 
ggacaccatg cagtagcaaa tggaacattg 12 0 
gtgacaaatg ctactgaatt agttcagagc 18 0 
tatagagttg tagatggaag aaattgcaca 240 
tgtgatgtct ttcagtatga gaattgggac 3 00 
aattgctacc catatgacat ccctgactat 360 
ggaacattgg aattcacagc agagggattc 42 0 
agtggagcct gcaaaagggg atcagccgat 480 
aaatctggaa actcttaccc cacattgaat 540 
aaactataca tctgggggat tcatcacccg 600 



agctcaaacc aacagcaaac 
acaaaaagaa gtcaacaaac 
caatcaggca ggataagcat 
aacagtaatg gcaacttagt 
tctgtaatga gatcagatgc 
gaagcatccc caacgacaaa 
ccaagtatat caggcaaaac 
agcaaatcag aggaatcttt 
tggttgatgg gtggtatgga 
atctaaaaga gcactcaagc 
gaaaggacca atgagaaatt 
atccaggact tggagaagta 
gaattgctgg tggctctaga 
aaattattcg agaagactag 
tgtttcaaga tttaccacaa 
tatgaccatt acatatacag 
gagttgaaat caggctacaa 
ttaatttgcg ttgttctatt 
tgcaacattt gcatttga 



agaattgtac atccaagaat 
gataatccct aatatcggat 
atactggacc attgtaaaac 
tgcaccgcgg ggatatttta 
acccatagac atttgtgtgt 
ccatttcaaa atgtgaacaa 
actttaaagc tggccactgg 
ggagcaatag cgggattcat 
ttccgatatc aaaactcgga 
agccatcgac cagattaatg 
ccatcaaata gagaaggaat 
tgtagaagac accaaaatag 
aaatcaacat acaattgact 
acgccagtta agagaaaacg 
atgtgataat gcatgcattg 
agatgaagca ttaaacaacc 
agattggata ctgtggattt 
gggtttcatt atgtgggctt 



caggacgagt aacagtctca 660 
ctagaccgtg ggtcaggggt 72 0 
ctggagatat cctaatgata 780 
aattgaaaac agggaaaagc 840 
ctgaattatt acaccaaatg 900 
agttacatat ggaaaatgcc 960 
gatgaggaat gtaccagaaa 1020 
agaaaacggc tgggaaggaa 1080 
aggaacagga caagctgcag 114 0 
gaaaattaaa cagagtgatt 1200 
tctcagaagt agaagggaga 1260 
acctatggtc ctacaatgca 1320 
taacagatgc agaaatgaat 1380 
cggaagacat gggaggtgga 1440 
gatcaataag aaatgggaca 150 0 
gatttcaaat caaaggtgtt 1560 
cattcgccat atcatgcttc 1620 
gccaaaaagg caacatcaga 1680 

1698 



<210> 6 
<211> 35 
<212> DNA 

<400> 6 

tttgtcgaca tgaayccaaa tcaaaarata ataac 3 5 



<210> 7 
<211> 32 
<212> DNA 

<400> 7 

tttggatccy tacatcttrt cgatgtcaaa gg 32 



<210> 8 
<211> 1412 
<212> DNA 

<400> 8 

atgaacccaa atcaaaagat aataacaatt 
aacgtcattc tccatgtagt cagcattata 
acaggtctga actgcaacgg gacgatcata 
agaatcaccc aatggtataa tactagtaca 
tactacatga acaacaccga accactttgt 
gacaatggaa tacgaattgg gtcgagaggc 



ggatctgcat cattaggagt actaatcctc 60 
gtaacagtac tggttctcaa taacaatgga 12 0 
agagagtaca atgaaacagt aagagtagaa 180 
attgagtaca tagaaagatc ttcaaatgaa 240 
gaggcccagg gctttgcacc attttccaaa 300 
catgtttttg taataagaga accttttgta 36 0 



tcatgttcgc cctcagaatg tagaaccttt 
aaacattcta acggcacagt gaaggaccga 
atagggcaat cacctaatgt gtatcaagct 
gcatgccatg atggaaaaaa tggatgacag 
ttgcagtagt gaactatgga ggtgttccgg 
tcttaagaac ccaagaatcg tcatgcacct 
ctgatggacc ggcaaacagg caagctaaat 
taattgggca gactgatata agtttcaatg 
ccaatgaagg gaaggtggaa tgcatatgca 
ttctggtaat atcttctgat ctatcgtaca 
ctgacactcc taggggagag gatagtcaat 
ataaaggata cggtgtaaaa ggtttcgggt 
ggacaattag taggacttca agatcaggat 
cacagaatag taaagatcaa atcagaaggc 
gatatagcgg ttctttcaca ttgccggttg 
gtttctgggt tgaaatgatt agaggtaaac 
gctccattgt gatgtgtgga gtagatcata 
ctattcttcc ctttgacatc gataagatgt 



ttcctcacac agggctcatt actcaatgac 42 0 
agtccatata ggactttgat gagtgtcaaa 48 0 
aggtttgaat cggtggcatg gtcagcaaca 54 0 
ttggagtcac agggcccgac aatcaagcag 600 
ttgatattat taattcatgg gcatgggata 660 
gcattaaagg agactgttat tgggtgatga 72 0 
ataggatatt caaagcaaaa aatggaagaa 78 0 
ggggacacat agaggagtgt tcttgttacc 840 
gggacaactg gactggaaca aatagaccaa 900 
cagtcggata tttgtgtgct ggcattccca 960 
tcacaggctc atgtacaagc cctttgggaa 1020 
ttcgacaagg aactgacgta tgggccggaa 1080 
tcgaaataat aaagatcagg aatggttgga 114 0 
aagtgattat tgataaccta aattggtcag 12 00 
aactaacaaa aaagggatgt ttagtcccct 1260 
ctgaagaaac aacaatatgg acctctagca 1320 
aagttgccag ttggtcatgg cacgatggag 1380 

1412 



<210> 9 
<211> 1414 
<212> DNA 

<400> 9 

atgaatccaa atcaaaagat aataacaatt 
aacgtcattc tccatgtagt cagcattata 
acaggtctga actgcaaagg gacgatcata 
agaattactc aatggtataa taccagtaca 
tactacatga acaacaccga accactttgt 
gataatggaa tacgaattgg gtcgagaggc 
tcatgttcgc cctcagaatg tagaaccttt 
aaacattcta acggcacagt gaaggaccga 
atagggcaat cacctaatgt gtatcaagct 
gcatgccatg atggaaaaaa atggatgaca 
attgcagtag tgaactatgg aggtgttccg 
atcttaagaa cccaagaatc gtcatgcacc 
actgatggac cggcaaatag gcaagctaaa 
ataattgggc agactgatat aagtttcaat 
cccaatgaag ggaaggtgga atgcatatgc 
attctggtaa tatcttctga tctatcgtac 
actgacactc ctaggggaga ggatagtcaa 
aataaaggat acggtgtaaa aggtttcggg 
aggacaatta gtaggacttc aagatcagga 
acacagaaca gtaaagacca aatcagaagg 
ggatatagcg gttctttcac attgccggtt 
ctgtttctgg gttgaaatga ttagaggtaa 
cagctccatt gtgatgtgtg gagtagatca 



ggatctgcat cattgggaat attaatcatc 60 
gtaacagtac tggtcctcaa taacaatgga 12 0 
agagagtaca atgaaacaat aagagtagaa 180 
attgagtaca tagagagacc ttcaaatgaa 240 
gaggcccaag gctttgcacc attttccaaa 300 
catgtttttg taataagaga accttttgtc 36 0 
ttcctcacac agggctcatt actcaatgac 420 
agtccatata ggactttgat gagtgtcaaa 480 
aggtttgaat cggtggcatg gtcagcaaca 540 
gttggagtca cagggcccga taatcaagca 6 00 
gttgatatta ttaattcatg ggcaggggat 660 
tgcattaaag gagactgtta ttgggtgatg 72 0 
tataggatat tcaaagcaaa agatggaaga 780 
gggggacaca tagaggagtg ttcttgttac 840 
agggacaact ggactggaac aaatagacca 900 
acagtcggat atttgtgtgc tggcattccc 960 
ttcacaggct catgtacaag tcctttggga 102 0 
tttcgacaag gaactgacgt atgggccgga 1080 
ttcgaaataa taaaaatcag gaatggttgg 1140 
caagtgatta ttgataaccc aaattggtca 12 00 
gaactaacaa aaaagggata gtttagtccc 1260 
acctgaagaa acaacaatat ggacctctag 132 0 
taaaattgcc agttggtcat ggcacgatgg 1380 



agctattctt ccctttgaca tagacaagat gtag 

<210> 10 
<211> 26 
<212> DNA 



1414 



<400> 10 

ttgtcgacca tggcgtctca aggcac 

<210> 11 
<211> 28 
<212> DNA 

<400> 11 

tttctagact ttaaytgtca wactcytc 



<210> 12 
<211> 1497 
<212> DNA 

<400> 12 

atggcgtctc aaggcaccaa acgatcttat gagcagatgg aaactgatgg ggaacgccag 60 
aatgcaactg aaatcagagc atctgtcgga aggatggtgg gaggaatcgg ccggttttat 12 0 
gttcagatgt gtactgagct taaattaaac gaccatgaag ggcggctgat tcagaacagc 18 0 
ataacaatag aaaggatggt actttcggca ttcgacgaaa gaagaaacaa gtacctcgag 240 
gagcatccca gtgctgggaa agaccctaag aaaacgggag gcccgatata cagaaggaaa 3 00 
gatgggaaat ggataagaga actcatcctc catgataaag aggaaatcat gagggtctgg 360 
cgtcaggcca acaatggtga agatgctact gctggtctta cccatatgat gatctggcac 420 
tccaatctca atgacaccac ataccaaaga acaagggctc ttgttcggac tgggatggat 480 
cccagaatgt gctctctgat gcaaggatca accctcccac ggagatctgg agctgccggt 54 0 
gctgcagtaa aaggtgttgg aacaatgata atggaactca tcaggatgat caaacgcggg 600 
ataaatgatc gaaatttctg gagaggtgaa aatggtcgaa gaaccagaat tgcttatgaa 660 
agaatgtgca atatcctcaa agggaaattt caaacagcag cacaacgggc tatgatggaa 720 
ccaagtgagg gagggccgca atcctggaaa tgctgagatt gaggatctca ttttcttggc 780 
acgatcagca ctcatttgag aggatcagta gcccataaat catgcctacc tgcctgtgtt 84 0 
tatggccttg cagtaaccag tgggtatgac tttgagaagg aaggatactc tctggttggg 900 
attgatcctt tcaaactact ccagaacagc caaattttca gtctaatcag accgaaagaa 960 
aatccagcac acaagagcca gttggtgtgg atggcatgcc attctgcagc atttgaggac 1020 
ctgagagttt tgaatttcat tagaggaaca aaagtaatcc caagaggaca gttggcaacc 1080 
agaggagtgc agattgcttc aaatgaaaac atggagaaca atagattcta gcacactcga 1140 
actgagaagc agatattggg caataaggac cagaagtgga ggaaacacca gtcaacagag 12 00 
agcatctgca ggacagataa gtgtgcaacc tactttctca gtgcagagaa atcttccctt 1260 
tgaaagagca accattatgg ctgcatttac tgggaacact gagcggagga cttccgacat 132 0 
gagaacggaa atcataagga tgatggaaaa tgccaaatca gaagatgtgt ctttccaggg 13 80 
gcggggagtc ttcgagctct cggacgaaaa ggcaacgaac ccgatcgtgc cttcctttga 1440 



catgacaatg aagggtctta tttcttcgga gacaatgctg aggagtatga cagttaa 



1497 



<210> 13 
<211> 1493 
<212> DNA 



<400> 13 

atggcgtctc aaggcaccaa acgatcttat 
aatgcaactg aaatcagagc atctgtcgga 
gttccagatg tgtactgagc ttaaactaaa 
cataacaata gaaaggatgg tactctcggc 
ggagcatccc agtgctggga aagaccctaa 
agatgggaaa tggatgagag aactcatcct 
gcgtcaggcc aacaatggtg aagacgctac 
ctccaatctc aatgacacca aagaacaagg 
atgtgctctc tgatgcaagg ctcaaccctc 
gtaaaaggtg ttggaacaat ggtaatggaa 
gatcggaatt tctggagagg tgaaaatagg 
gtgcaatatc ctcaaaggga aatttcagac 
gagggaaggc cgcaatcctg gaaacgctga 
agcacttatt ttgagaggat cagtagccca 
ccttgcagta accagtgggt atgactttga 
tcctttcaaa ctactccaga acagccaaat 
agcacacaag agccagttgg tgtggatggc 
agttttgaat ttcattagag gaaccaaagt 
agtgcaaatt gcttcaaatg aaaacatgga 
aagcaaatat tgggcaataa ggaccagaag 
ctgcaggaca gataagtgtg caacctactt 
gagcaaccat tatggctgca ttcactggga 
cggaaatcat aaggatgatg gaaaatgcca 
gagtcttcga gctctcggac gaaaaggcaa 
gcaatgaagg gtcttatttc ttcggagaca 



gagcagatgg aaactgatgg ggaacgccag 60 
aggatggtgg gaggaatcgg ccggttttat 120 
cgaccatgaa gggcggctga ttcagaacag 180 
attcgacgaa agaagaaaca agtatctcga 240 
gaaaacggga ggcccgatat acagaaggaa 3 00 
ccatgataaa gaagaaatca tgaggatctg 360 
tgctggtctt actcatatga tgatctggca 42 0 
gctcttgttc ggactgggat ggatcccaga 480 
ccacggagat ctggagccgc tggtgctgca 540 
ctcatcagaa tgatcaaacg cgggataaat 600 
tcgaagaacc agaattgctt atgaaagaat 660 
agcagcacaa cgggctatga tggaccaggt 720 
gattgaggat ctcattttct tggcacgatc 78 0 
taaatcatgc ctacctgcct gtgtttatgg 840 
gaaggaagga tactctctgg ttggaattga 900 
tttcagtcta atcagaccga aagaaaaccc 960 
atgccattct gcagcatttg aggacctgag 102 0 
aatcccaaga ggacagttag caaccagagg 108 0 
gacaatagat tctagcacac tcgaactgag 1140 
tggaggaaaa caccagtcaa cagagagcat 1200 
tctcagtgca gagaaatctt ccctttgaaa 1260 
acactgaagg gaggacttcc gacatgagaa 1320 
aatcagaaga tgtgtctttc caggggcggg 138 0 
cgaacccgat cgtgccttcc tttgacatga 1440 
atgctgagga gtttgacaat taa 1493 



